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(54) Title: PREFORM. DEVICE AND METHOD FOR CASING A WELL 

(54) Utre: PREFORME, DISPOSITTF ET PROCEDE POUR LE TUBAGE D'UN PUTTS 

(57) Abstract 

A preform comprises, distributed along its wall, annular curable zones (3) 
which are radially and outwardly deformable so that they apply against the wall 
(20) of the well (2), or of the conduit, and which form, after curing, anchoring and 
sealing locks for the casing. Application: casing of wells, particularly oil wells, 
or conduits, without using cement 

(57) Abrige* 

Cette preforme comporte, reparties le long de sa parol, des zones aanulaires 
aurcissabies (3) antes a se deTonner radialement vers I'exteneur pour Venu- 
s' appliquer contre la parol (20) du puits (2), ou de la canalisation, et qui 
torment apres durdssement des venous d'ancrage et d*«tanche*itC pour le tubage. 
Applications: tubage de puits, nctamment de forage petrolier, ou de canalisations, 
sans utilisation de ciment. 
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PREFORME, OISPOSITIF ET PROCEDE POUR LE TUBAGE D'UN PUITS 



La presente invention conccmc une preTorme souple qui est depliable 
radialement, et durcissablc in situ, apres quelle ait 6t6 mise cn place dans un puits, 
notamment un puits dc forage pitrolicr, ou dans une canalisation, pour y consumer un 
tubage cylindrique. 

5 L'invention concerne egalement le procckte pour mettre en place, ancrer 

cette preTorme dans le puits ou dans la canalisation, et creer une etancheue entre la 
preTorme et le puits ou la canalisation. 

On connait deja des preTonnes dont la paroi est en matenau souple, 
susceptible d'etre repliee sur elle-meme de maniere a presenter un encombrement radial 

10 nettemcnt plus faible que le diametre du puits ou de la canalisation a tuber, ou a chemiser 
dans le cas d'une reparation localised. La preTorme est introduite dans le puits ou dans la 
canalisation a I'etot replied Une fois qu'elle a 6x6 positionnee a Tendroit voulu, on la 
deTonne radialement vers rexteneur. par introduction a Tinterieur de la preTorme d'un 
Huide de gonflage. Sous Feffet de la pression interne, elle prend une foime cylindrique. 

15 e'est-a-dire une section circulaire. L'ancrage de la preTorme ainsi dilalee a Tinterieur du 
puits ou de la canalisation se fait au moyen d'un ciment que Ton coule dans i'espace 
annulaire separant la paroi exterieure de la preforme cylindrique de la paroi du puits ou de 
la canal isauoa Le durcissement a chaud, par pc4ymensation, de la paroi constitutive de la 
preTorme peut 6tre realist soit par introduction d'un liquide chaud a Tint6rieur de la 

20 preTorme, soit par effet Joule au moyen de resistances electriques appropriees disposees 
dans la preTorme. par exemple de fils electriques faisant partie de r armature de la paroi de 
la preTorme, impregnee de resine therm odurcissable. 

La demande de brevet intemationale WO 94/2 1887 concerne la cimentation 
d'un tubage de ce type. 

25 La cimentation d'une telle preTorme de ce type pose plusieurs probiemes. 

Tout d'abord, elle exige une installation de cimentation relativement 
sophistiquee et coQteuse. 

Par ailleurs, la qualite du ciment doit 6tre parfaite, pour pouvoir s' inserer 
correctement, et de maniere homogene, dans les interstices annulaires, dont Tepaisseur 
30 peut etre tres faible, separant la paroi de la preforme de la paroi du puits ou dc la 
canalisation. 
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Enfin, la cimeniation n'est pas toujours tres fiable. car maJ controlee sur de 
grandes longueurs. 

L'objectif de ia presente invention est de proposer une preTorme du genre 
ci-dessus decrit, pouvant etre mise en place et ancrte a Pinteneur du puils ou de la 
5 canalisation, sans qu'on n'ait a faire usage d'un cimenl 

Cet objectif est atteint, conformement a Finvention, grace au fait que la 
preTorme comporte, !e long de sa paroi, des zones annulaires durcissables aptes a se 
deTormer radialement vers Pexteneur pour venirs'appliquer centre la paroi du puils ou de 
la canalisation et qui forment. aprcs durcissement, des verrous d'ancrage et d'Aanchfiti 
10 pour ie tubage. 

Par ailleurs, scion un certain nombre de caracte'ristiques additionnelles. 
non Iimitatives de Kinvention : 

- la preTorme comporte une reserve de resine polymensable a chaud 
dispose du c6i6 inteneur et apte a migrer radialement vers rexuSrieur a travers la paroi 

15 sous I'effet d'une pression interne ; 

- elle comporte une peau exteneure elastiquement deTormable, dont 
certains troncons en forme de manchons ont une aptitude a ia deformation radiale 
nettement plus grande que celle du rcste de la peau, ces troncons realisant lesdits verrous ; 

- les troncons facilement deTormables sont en elastomere non renforce\ 
20 tandis que le rcste de la peau est en dastomere renforcg ; 

- ladite reserve consiste en des poches annulaires situees en regard desdits 
troncons de peau exteneure facilement deTormables ; 

- ladite reserve s^tend tout le long de la preTorme, y compris en regard des 
zones de peau exterieurenon facilement deTormables ; 

- la paroi de la preTorme est composee d'une ame en rfcrine polymensable 
a chaud et de deux peaux en matfriau elastomere, Tune inteneure, I'autre exteneure, 
ladite reserve comenant la resine dtant ddlimitee par Time et par la peau interieurc ; 

• la preTorme est munie de joints d^tanch&te* annulaires entourant les 
zones durcissables destinies a constituer les verrous. 

Le proceVte selon Invention, destine* a ia mise en place, a Tancrage, et a la 
realisation de rctanchdit^ d'une preTorme telle que decrite ci-dessus a Pintdrieur d'un 
puits ou d'une canalisation, comprend les Stapes suivantes : 

a) on introduit la prtforme a PCtat pl\6 dans un puits ou une canalisation 
cylindrique. dont le diametre est un peu plus grand que celui de la preTorme lorsqu'elle 

35 est radialement dgployee ; 

b) on introduit un fluide sous pression a Pinteneur de la preTorme pour 
Famenera F&atrigoureusement cylindrique ; 



25 



30 
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c) on provoque la deformation desdites zones annuiaires vers rextdrieur 
pour les appliquer contre la paroi du puits ou de la canalisation ; 

d) on provoque le durcissemeni de la preTorme et des zones annuiaires. 
De maniere avantageuse, k retape c ) on chauffe la resine contenue dans 

5 les poches annuiaires de maniere k la liqueTier et la faire migrer vers Texterieur sous 
Teffet de la pression interne et, k I'dtape d ), on maintient cette resine et celle constitutive 
de la paroi de la preTorme k la temperature de polymerisation durant un temps suffisant 
pour obtenir le durcissemeni de rensemble. 

D'autres caractenstiques et avantages de Pinvention apparaitront de la 
10 description et des dessins annexes, qui en representent, k titre d'exemples non IimitauTs. 
des modes de realisation preTerentiels. 
Sur ces dessins : 

- la figure 1 est une vue en coupe schematique d'une preTorme conforme k 
Finvenuon, apres introduction et de"ploiement radial, mais avant ancrage, k rinte*rieur 

15 d'un puits de forage pe*troIier ; 

* les figures 2 et 3 sont des sections transversales de la preTorme k V6m 
initial replie\ selon deux modes de repliement differents ; 

- la figure 4 est une vue similaire k celle des figures 2 et 3, qui represente 
la preTorme radialement deployee, pour prendre une forme cylindriquc ; 

20 ' la figure 5 est une vue paruelie, en coupe axiale, de la paroi de la 

preTorme, au niveau d'une zone annulaire durcissable destinee k constituer un verrou 
d'ancrage, avant qu'elle n'ait 6t6 deTormee radialement vers T exteneur ; 

- la figure 6 est une vue similaire k la figure 5, representant la preTorme 
apres deformation et durcissement du verrou ; 

IS - la figure 7 est une vue schematique d'un tronfon de preTorme deploye*, 

qui est equipe* de pi usieurs joints d'etanchelt* au niveau de la zone annulaire durcissable 
destined k constituer un verrou d* ancrage ; 

- la figure 8 est une vue en coupe longitudinale au niveau du joint, apres 
ancrage ct durcissement de la preTorme dans un puits. 

*° - les figures 9 et 10 sont des vues analogues aux figures 5 et 6 respecnve- 

ment, representant une variante de la preTorme. 

A la figure 1 on a represents une preTorme 1 conforme k Invention, qui 
est placed k rinteneur d'un puits de forage peTrolier 2, dont la paroi cylindrique est 
reTerencee 20. 

£ La preTorme est de type connii, en matenau thermodurcissable, polymensa- 

ble k chaud, qui avant raise en place a rinteneur du puits est repliee longitudinalement de 
facon k presenter un encombrement radial r€duit. 
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Le pliage pcut etre realist en "IT comme represent* schemauquement a la 
figure 2, ou en "escargof comme represent a la figure 3. 

Apres mise en place sur la longueur voulue. a J'interieur du puiis 2 la 
preforme est deploy* de maniere a prendre une forme cylindrique. comme illustree aux 
5 figures 1 et 4. 

Cette dilatation radiale se fait par introduction d'un fluide sous pression 
dans I'espace interieur 100 de la preTorme. Pour cela. il est prevu une canalisation 4 
penetrant de maniere etanche en extremite superieure la de la preforme, Pamenee de 
flu.de se faisant depuis la surface S du puits. Le fluide utilise peut etre simplement la 
10 boue liquide extraite du puits. 

L'extremite basse lb de la preforme est naturellement obturee par des 
moyens de fermeture approprids. ' 

A Petat deploye, la paroi 10 de la preforme presente done une forme 
ngoureusement cylindrique. de diametre calibre. Le diametre de sa surface exterieure est 
15 cho,s, de maniere a etre tres legerement inferieur au diametre de la paroi du puits. 

A Utre «'«emple. non limitatif, le diametre externe de la preforme sera de 
ITSmilhmetres, tandis que le diametre de la paroi 20serade 184 millimetres. 

II existe done un jeu annulaire J dont la valeur radiale est, par exemple. de 

3 millimetres. 

0 H- - , J* CSPaCe annUlaire Hbre SUr tOUtC ,a hautcur de ,a I*"*™ Permei 
d evacuerlaboueaucoursdugonnage. 

Selon une caracrenstique essentielle de 1 'invention, la preforme 1 est 
pourvue de plusieurs zones annulaires durcissables reparties le long de sa paroi. aptes a 

^^™er ra diaJementversrex«erieurpourvenirs-a PP Iiquercontrelaparoi20dupu^ 
5 de mantere a former, apres dureissement. des verrous d'ancrage et d'etanchtite pour le 
tubage. Ces verrous sont represen.es en traits interrompus et references 3 a la figure 1. 

Les dtfferents verrous 3 sont espaces de distances L, . L 2 predeterminees. 
qui ne sont pas n&essairemem tgales. 

A litre indicatif. la preforme a une longueur pouvant atteindre 3 000 

L'espacement des verrous 3 pourra etre compris entre 5 et 50 metres, par 

La hauteur des verrous sera de Pordre de 0,5 a 3 metres. 
Dans le mode de realisation represent aux figures 5 et 6. la paroi 10 de la 
preforme est constitute d'une ame thermodurcissable 5 prise en sandwich entre une peau 
inteneure6etunepeauexteneure7. 



30 metres, 
exemple. 

35 
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L'ame 5 est une resine polymerisable a chaud, a rinterieur de laquelie est 
noy£e une armature de renforcement composee de fibres 50, telles que des fibres de verre 
ou de carbone, certaines circonferemielles et d'autres longitudinales. 

La peau interieure 6 est en materiau eiastom^re (caoutchouc synthetique) 
5 non renforce. La peau exterieure 7 est en materiau eiastomere, renforce par un tissu 
faiblement extensible. 

La zone annulaire destinee a constituer le verrou forme un reservoir 
(poche) deiimite d'une part par Tame 5 et d'autre part par un renflement 6\ dirige vers 
rinterieur 100 de la preforme, de la peau interieure 6. Ce reservoir contient une resine 60. 
1 0 polymerisable a chaud 

En regard du renflement 6\ la peau exterieure 7 est interrompue pour etre 
remplacee par un manchon 8. Celui-ri est convenablement relie et fixe, par exemple par 
collage, a la peau 7. Le manchon 8 est en materiau eiastomfcre non renforce. II est done 
extensible radialement, contrairement au reste de la peau exterieure 7. 
15 A titre indicatif, repaisseur de chacune des peaux 6, 7 est de Pordre de 2 

millimetres, tandis que Tame 5 a une epaisseur comprise entre 5 et 15 millimetres. 

La resine 60 est choisie pour possdder une viscosite eievee a temperature 
ambiante, et une viscosite faible a temperature eievee, par exemple a partir de 80*C 
environ. Hie devient alors Iiquide et susceptible de migrer a travers Fame 5 et son 
20 armature 50, vers rexterieur. 

L'ancrage de ia preforme dans te puits se fait de la manifcre expliqude ci- 

apres. 

On procfcde tout d'abord au deploiement radial de la preTorme, en y 
introduisant le Iiquide L, comme deja dit plus hauL La preforme va done prendre 
25 progressivement une forme cylindrique, tandis que la boue presente a rinterieur du puits 
est chass^e dc Tcspace annulaire reste libre et remonte en surface. C'est du reste cctte 
m&ne boue qui peut Stre utilisee comme Iiquide de gonflage L, via un circuit de pompage 
ad hoc. 

La pression du Iiquide L est choisie de telle manifcre qu'il y ait une 
30 difference de pression relativement eievee, par exemple de I'ordre de 10 bare, entre les 
liquides interieur et exterieur a la preforme. La preforme est retenue dans sa position 
correcte a rinterieur du tube par un appareillage approprie instalie en surface, et non 
represente. 

Ensuitc, on procfcde au chauffage de la paroi de la preforme, soil en 
35 substitoant au iiquide L un Iiquide chaud, soil par effet Joule, a ratde.de resistances 
eiectriques appropriees montees dans la preforme. Get apport de chaleur va fluidifier la 
resine 60 contenue dans les poches 6\ ainsi que celle de rfime 5. 
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Sous l'effet de la pression p du fluide interieur, la rdsine liquide va aiors 
rnigrcr de Pinterieur vers I'ext&ieur, tout en refoulant la lysine constitutive de Fame 5, k 
travers cette dennifcre pour former des hemies annulaires 61 qui vont venir s'appliquer 
- par I'intermediaire des tron9ons de peau 8 facilement deformables - contre la paroi 20, 
5 avec une pression relativement forte. Bien entendu, la capacity des reservoirs et. 
correiativement, le volume de la resine 60 sont choisis suffisants pour combler correcte- 
ment Tespace annulaire correspondam au jeu j, et deformer suffisammem les verrous 3 
vers I'exterieur, contre la paroi 20. Les tron9ons 8, apres expansion radiale, sont 
rdfcrencde 8' sur les dessins. 
10 On continue ensuite a apporter a la preforme et au verrou les calories 

ndcessaires, pendant une durde suffisante - gdndralement de quelques heures - pour 
obtenir la polymerisation de r ensemble de la paroi, y compris celledes venous. 

On obtient done ainsi un tubage rigide k paroi interieure cylindrique, et 
dont la paroi exterieure est formde de bourrelets annulaires qui constituent des zones 
15 d'ancrage et d'etancheite du tubage dans le puits 2. 

Les operations finales consistent h enlever le liquide se trouvant a 
P interieur de la preforme, k retirer le conduit 4, et a eiiminer les extrdmitds de preforme 
haute la et basse lb. 

La partie 1 a peut Sire enlevee simplement par sciager transversal. La parte 
20 basse 1 b peut Stre enlevee par forage axial k Y interieur du tubage. 

II convient de noter, que Ja localisation des verrous 3 est parfaitement 
contrdtee par suite de la presence des manchons 8 dont 1'aptitude k Pextension radiale est 
plus grande que le reste de la peau exterieure 7. 

La deformation de la peau interieure 6 vers Fexterieur, k la fin de la 
25 migration de la resine vers Fexterieur, est limitde car cette peau 7 va venir prendre appui 
contre la structure filamentaire 50 de Tame 5. Ainsi, on est assure que la paroi interieure 
du tubage aura une forme rigoureusement cylindrique sur toute sa hauteur. 

Les verrous annulaires seront positionnes k la demande, selon les 
caracteristiques physiques du puits k tuber, le long de la preforme, notamment en 
30 fonction de la disposition de cenaines zones aquiferes. 

Pour ameiiorer retancheite entre la preforme et la paroi du puits, il est 
possible de prevoir, au niveau des venous 3 des joints d'etancheite. 

Cette possibilite est illustree aux figures 7 et 8. Les manchons dilataWes 8 
sont garnis d'un ou de plusieurs joints d'etancheite 9, par exemple au nombre de trois. II 
35 s'agit par exemple de joints souples. aptes k se deployer radialement en m£me temps que 
la preforme, pour prendre une forme torique. Apres dilatation radiale et durcissement des 
verrous, les joints se trouvent loges dans une gorge annulaire de la peau exterieure 8\ 
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assurant une parfaite etancheite a ce niveau. Cette technique d'etanchdite" fait Tobjet de la 
demande de brevet n° 94 03629 deposee par la demanderesse le 23 mars 1994. Die est 
appliquee ici aux zones d'ancrage de la preforme. 

II convient de noter que la resine 60 peut rester emprisonnee pendant une 
5 tongue duree k I'interieur des poches 6\ sans risque de degradation. 

Ainsi, les preform es peuvent €tre stockdes sans dommages, mises cn place 
au moment voulu, puis ancrees egalement au moment voulu. Du reste, i) n'est pas 
necessaire de realiser la polymerisation de la preforme et des verrous juste apres le 
deploiement radial de la preTorme. Ces operations peuvent etre menecs successivement au 
10 moment opportun, notamment fonction de la disponibilite* du personnel affecte a ces 
tSches. 

Dans la variante de preforme illustree aux figures 9 et 10, dans lesquelles 
les memes references qu'aux figures 5 et 6 ont ete utilises pour designer des elements 
identiques 6u similaires, ia reserve de resine polymerisable a chaud 600 n'est pas 
15 confinee dans des poches. Au contraire. elle occupe un espace annulaire, entre ame 5 et 
peau interieure 6, qui s'etend tout le long de la preforme 7. y compris en vis-a-vis des 
zones de peau exterieure renforcees, et non facilement deformables (voir figure 9). Lors 
de rapplication de la prcssion interne p, la resine liquide va migrer a 1* interieur de Tame 
5. Cependant, vers Pexterieur. elle ne va ressortirqu'en regard des troncons 8 facilement 
20 deformables, formant a ce niveau les bourrelets d'ancrage 8'. 

Cette variante de preforme esi d'un prix de revient plus faible que celui 
d'une preforme a poches. 

A titre indicatif, la peau exterieure 7 a une epaisseur de l'ordre de 2 a 
3 mm. Tame 5 une epaisseur comprise entre 5 et 15 mm , la resine 600 une epaisseur de 
25 1 ' ordre de 0,4 mm et la peau interieure 6 une epaisseur de 1 'ordre de 2 mm. 

Bien que dans le mode de mise en oeuvre de 1 'invention qui vient d'etre 
decrit en reference aux dessins, on ait affaire au tubage d'un puits vertical, et plus 
precisement d'un puits de forage petrolier, la presente invention s'applique egalement au 
tubage de puits souterrains, qui ne sont pas forcement verticaux, et au tubage de 
30 canalisations, par exemple de pipe-lines ou de gazoducs en vue de leur reparation in situ 
par mise en place d'un diemisage interne. 
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REVENDICATIONS 

1 . Preforme souple depliable radialement et durcissable in situ apres 
mise en place dans un puits ou une canalisation pour y consumer un tubage cylindrique, 
caracterisec par 1c fait qu'elle comporte le long de sa paroi des zones annulaires durcissa- 
bles (3) aptes a se deformer radialement vers Fexteneur pour venir s'appliquer contre ia 

5 paroi (20) du puits (2) ou de la canalisation et qui foment apres durcissement des veirous 
d'ancrage et d'£tancMit6 pour le tubage. 

2. Preforme selon la revendication 1. caractdris6e par le fait qu'elle 
comporte une r&erve de resine polymdrisable a chaud (60. 600) dispose du cdte 
interieur et apte a migrer radialement vers l'extgrieur a travers la paroi (10), sous Teffet 

10 d'une pression interne (p). 

3. Preforme selon 1'une des revendications 1 ou 2. caract6ris& par le fait 
qu'elle comporte une peau extfrieure elastiquement dtformable (7) dont certains troncons 
(8, 8') en forme de manchons, ont une aptitude a la deformation radiale nettement plus 
grande que celle du reste de la peau (7). ces troncons reaJisant lesdits venous (3). 

4 . Preforme selon la revendication 3, caracteris^e par le fait que les 
troncons (8. 8') facilement dtfformables sont en 61astomere noa renfora?, tandis que le 
reste de la peau (7) est en dastomfcre renforce. 

5 . Preforme selon la revendication 2 d'une part, et 3 ou 4 d'autre part, 
prises en combinaison, caracterisce par le fait que ladite reserve consiste en des poches 

20 annulaires situfes en regard desdits troncons (8) de peau extfrieure facilement dtforma- 
bles. 

6 . Preforme selon la revendication 2 d'une part, et 3 ou 4 d'autre part, 
prises en combinaison, caracteris<5e par le fait que ladite reserve (600) s'tend tout le long 
de la preforme. y compris en regard des zones de peau exrcrieure non facilement 

25 deformables. 

7 . Preforme selon Tune des revendications 5 ou 6, caracterisee par le fait 
que ia paroi de la preforme est composfc d'une fime (5) en resine polym^risable a chaud 
et de deux peaux en matdriau elastomfere. Tune intfrieure (6), I'autre exterieure (7), ladite 
r&erve contenant la resine (60. 600) (Slant ddlimitte par I'ame (5) et par la peau int&ieure 

30 (6). 

8 . Preforme selon la revendication 7, caract&isee par le fait que I'ame (5) 
comporte une armature filamentaire (50) noyee dans la resine. 
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9 . Preforme selon I'une des revendicaiions 1 a 8, caracteiisee par lc fait 
qu'ellc est munie de joints d'etancMite annulaires (9) entourant les zones durcissables (3) 
desunees a constituer les verrous. 

1 0. Proced* pour metire en place, ancrer et realiser I'ltancheitf d'une 
prtforme conforme a I'une des revendicaiions precedents dans un puits ou une 
canalisation cylindrique, selon lequel: 

a) on introduit la preTorme ( 1) a I'etat pli* dans le puits (2) ou la canalisa- 
tion, dont Ie diametre est un peu plus grand que celui de la preforme lorsqu'elle est 
radialementdfployee ; 

b) on introduit un fluide sous pression a 1 'interieur de la preforme ( 1 ) pour 
I'amener a Pe'tat rigoureusement cylindrique ; 

c) on provoque la deformation desdites zones annulaires (3) vers 
l'exteneur pour les appliquer contre la paroi (20) du puits (2) ou de la canalisation ; 

d) on provoque le durcissement de la preforme (1) et des zones annulaires 

15 (3). 

1 1 . Procecle selon la revendication 10, applique a une prtforme conforme 
a Tune des revendicauons 5 ou 6, caracteris* par le fait qu'a F&ape c) on chaufTe la 
resine (60) contenue dans les poches annulaires de manifere a la IiqueTier et la faire migrer 
vers PexttJrieur sous I'effet de la pression interne (p) et qu'a I'dtape d) on maintient cette 
resine et celle constitutive de la paroi de la preTorme a la temperature de polymerisation 
durant un temps suffisant pour obtenir le durcissement de 1'ensemble. 



20 



WO 96/01937 



PCT/FR95/00902 



1/3 



FIG.1 




lb 



WOW/01937 PCT/FR95/00902 



2/3 

FIG.5 FIG.6 




WO 96/01937 



PCT/FR95/00902 



3/3 




INTERNATIONAL SEARCH REPORT 



It. aabonal AppJtcitton No 

PCT/FR 95/00902 



A. CLAS5inCATION OF SUBJECT MATTER 

IPC 6 E21B33/127 E21B43/10 F16L55/165 



According to taternstional Patent QigfictBoo (IPC) or to both niton* drafted on and IPC 



a FIELDS SEARCHED 



Miranum documentation searched (dassificaoen system Ice lowed by desafi canon symbol i) 

IPC 6 E21B F16L 



Documenuttoo searched other Chan mimmura documentation to the extent that such documents arc inducted in the fields searched 



Electronic data base consulted dunng the trtternao octal search (name of data base and, where praceeaJ, starch terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Catefory * Q tat on of document, with mdicaaocw where azmrophatc, of the rdevant passages 



Relevant to claim No. 



W0,A,91 18180 (NOBILEAU) 28 November 1991 
see the whole document 

EP.A.O 553 558 (ASHINORI INDUSTRY) 4 

August 1993 

see the whole document 

US, A, 4 979 570 (M0DY) 25 December 1990 
see figures 

EP.A.O 545 703 (0KAHASHI) 9 June 1993 
see figures 

FR,A,2 370 225 (N.V. RAYCHEM) 2 June 1978 
see the whole document 



1-11 
1,10 

1>9 

1-7,10 
1,10 



I X| Funber ctocurnenu arc luted m fee axrasua&an of boar C. 



m 



Patent family members are listed in annex. 



" Special categories of ated C 



'A' 


dOCtJH 
const 


test definmg the general state of the art which ts not 
crcd to be of oarbaiar irimuce 




V 


earlier 
filing; 


rtontmmt but published on or ate 
date 


r fee international 




'V 


wtcch 
dcado 


cm which may throw doubts on pn 
is died to establish the publicafioc 
a or other special reason (as speeii 


tonty daunfi) or 
date of another 

ted) 




•o* 


docum 
ottter t 


est referring to an oral dixdonsc. 


use, exhibition or 




•p* 


docurn 
later t) 


cut cubhxhed prior to the intcma&i 
Smu the priority date ctaimcd 


xul ulmi date but 


*&' 



r document published after the mfiernatona) filing date 
priority date and not in conflict with the appueaoon but 
xstand the principle or theory underlying the 



of particular relevance; the darned invention 
be con sid er ed novd or csnnca be considered to 
an inventive step when the document ts taken alone 

of particular rdevance; the deemed tnvenooo 
be considered to involve an inventive step when the 




Date of the actual comeJehon of the tntemanocu) search 

15 November 1995 



Date of mailing of the international search report 



2 a ti. $5 



Name and mailing address of Che OA 

European Patent Office, P.B. 5811 Patenflaen 2 
NL-22WNV Rijrwijk 
TeL (-OI-70) 340- 2040, T*. 31 651 cpo nl. 
Pa*( + 3l-?0) 340-3016 



F—m PCT/tWUO (-coo* tWO (lUy 19*3) 



Authorized officer 



Fonseca Fernandez, H 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



1 . -maoonal Application So 

1 PCT/FR 95/00902 










R*l*v*ftt to cUim No. 


A 

A 
1 A 


DE,U,93 13 379 (UHRIG KANALTECHNIK) 11 
November 1993 
see figures 

US, A, 3 963 654 (STANLEY 0.) 15 June 1976 
EP.A.O 528 328 (HEAD P.) 24 February 1993 


1 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family member? 



L._iiUQcmal Application No 

PCT/FR 95/00902 



Parent document 


publication 


Patent family 


Publication 


cited in search report 


date 


men 


nber{*) 


date 


WO-A-9118180 


28-11-91 


FR-A- 


2662207 


22-11-91 






FR-A- 


2668241 


24-04-92 






FR-A- 


2671787 


24-07-92 






AU-B- 


7962691 


10-12-91 






EP-A- 


0527932 


24-02-93 




US-A- 


5337823 


i c no a a 

16-08-94 


EP-A-0553558 04-08-93 


JP-A- 


5200869 


10-08-93 


US-A-4979570 


25-12-90 

tJ Jit 3w 


AU-B- 


625650 


16-07-92 






AU-B- 


6681890 


06-06-91 






ri-A- 

tA A 




29-05-91 






GB-A R 


2239473 


03-07-91 


CD— a -nebcin'} 


09-06-93 


JP-A- 


5278177 


26-10-93 






JP-A- 


6000878 


11-01-94 






JP-A- 


5154915 


22-06-93 






CA-A- 


7072173 

CU / C. It J 


25-12-92 






US-A- 


5334429 


02-08-94 


FR-A-2370225 


02-06-78 






30-07-81 






UA A 




07-04-81 








A1 Q 7ft on 


15-04-80 


DE-U-93 13379 


11-11-93 


Uc-U- 


9400793 


10-03-94 


US-A-3963654 


15-06-76 


1 IP A 

US-A- 


3855854 


24-12-74 






US-A- 


4124547 


07-11-78 

v# a a * w 






a d a 

AR-A- 


201597 


31-Q3-75 

Jl UJ /J 






AT-R- 
A 1 D 


3393411 


27-09-76 






AU-B- 


704707* 


08-01-76 






CA-A- 


1005755 


22-02-77 






DE-A- 


2428016 


23-01-75 






FR-A.B 


2241577 


21-03-75 






GB-A- 


1458096 


08-12-76 






JP-C- 


915086 


21-07-78 






JP-A- 


50034334 


02-04-75 






JP-B- 


52044572 


09-11-77 






NL-A- 


7408405 


30-12-74 



Perm rCT/tSAme (pauot 



ly KMt) Uwly im) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

In (amua on on pi tent famUy member* 



lf._sruDoraJ ApplicABon No 

PCT/FR 95/00902 



Patent document 
cited in search report 



Publication 
date 



Patent family 
mcmbcr(s) 



Publication 
dair 



EP-A-0528328 



24-02-93 



GB-A.B 
US-A- 



2258674 
5340626 



17-02-93 
23-08-94 



Farat fCT/lWIlO (nil, ami It,), |m) 



page 2 of 2 



RAPPORT DE RECHERCHE INTERNATIONALE 



Dt Jc Intcnuoorule So 

PCT/FR 95/00902 



A. CLASS EMENT DE L'OBJET DE LA DEMANDS 

CIB 6 E21B33/127 E21B43/10 F16L55/165 



Sdoo la dassjfication inunuttgrult dcs brevets (CIB) ou a la ton scion U ciaCTflcaDon naaooaJc el U CIB 



B. DOM AWES 5UR LESQUELS LA RECHERCHE A PORTE 



Documentation truntmale coruuitec (systemc de dm&CAQon sum dcs symbol es dc cJassanenQ 

CIB 6 E21B F16L 



Doc u mc ntt aeo consutiec sum que U documentation nununalc dans U mesurc ou ces 



rel event des domaincs sur Icaqucii a portt U recherche 



Bw dc demotes dectroraque consul tee *u cours dc U recherche utcnutQotiaLk (ncm de la base de donates, ct o ccla « 
utilises) 



unties dc recherche 



C DOCUMENTS CONStDERES COM ME PERTINENTS 



Cattgohe 



no. del revcndicaaon] vista 



W0.A.91 18180 (NOBILEAU) 28 Novembre 1991 
voir 1e document en entier 

EP.A.O 553 558 (ASHIMORI INDUSTRY) 4 AoOt 
1993 

voir 1e document en entier 

US, A. 4 979 570 (N00Y) 25 Oecembre 1990 
voir figures 

EP.A.O 545 703 (0KAHASHI) 9 Juln 1993 
voir figures 

FR.A.2 370 225 (N.V. RAYCHEM) 2 Juln 1978 
voir le document en entier 



1-11 
1.10 

1.9 

1-7,10 
1.10 



1(| VcvUfwtidueadrtCpoarU fin dc U bsu da documents Jy [ La documents de famUtcs de brrvca torn indjques en snnese 



fetal gene ral de U trrtriqar, nan 
Ucuheremcnft pertinent 

t mttneur. mats puhbe a la dale de depot international 
cat* date 



'A' 
E* 
X* 

priori* ou at* pour dcttramcr U date de pobheaaon d une 
autre a tattoo ou pour unc ratson aptoalc (idle qu'indiquee) 
'O* doctancnt ae referent a one divutaanoa orate, a uo usaje, A 



btie apres la date dc depot imerruaonal ou la 
dale de pnomft et n'appartenenant pas a t'etatde la 
technique pertinent mats ate pour coxnprendre 1c pnncipc 
ou la thcone conststuant La base de r invention 



P* document pobfaC avat* la data de depot 

posseneurexnent a la date de pnontt rcvendtquee 



*X" document parncokerement pertinent; I'mvenoon rc vend) que* m prut 
rare cea u ao crU coromr nouveUe ou oommc nnpaquant unc acuvrte 
inventive par rapport au document considfcre isoletnent 

"Y* documen t partcuyewmcm penmcng Tinvenoon rcvepdiquct 
ne pent Ctn coraxdertc coram* onpli quant une acttvtte in vend v« 
kraquc k document est assoac tunou ptuscurs autrcs 
drxumenti de mtme nature, ceoe cotnbenaiion etant evii' 
pour une personnc du metier 

*A* document qui fait paro* de la mtme faaalle de bre vet s 



Date a laqudlc la recherche mtrmanocaU a etc effecuveroem achevce 



15 Novembre 1995 



Date d expedition du present rapport de 



TC95 



t ct adreatc postal c de K adi mi r i m a non efcergee dc la recherche 

Office Euraptan des Brevets, P.R 581 1 PatentJaan 2 

NL - mo HV Ripwitk 

Td. {+ 11-70) 340-2040, Ta. 31 651 cpo rd. 

Pax (♦31-70) 340-3016 



Fonseca Fernandez, H 



page 1 de 2 



RAPPORT DE RECHERCHE INTERNATIONALE 



L inde tntemanoruUe N'o 

PCT/FR 95/00902 



C^wue) DOCUMENTS CONS10ERES COMME PERTINENTS " j 






no. da rtvctMicaoocu viitci 1 



DE,U,93 13 379 (UHRIG KANALTECHNIK) 11 
Noverabre 1993 
voir figures 

US,A,3 963 654 (STANLEY 0.) 15 Juin 1976 
EP,A,0 528 328 (HEAD P.) 24 Fevrier 1993 



Formula PCT/ISA/110 «• U <ww™ e.«itkr) (, v iUM IffJ) 



page 2 de 2 



RAPPORT DE RECHERCHE INTERNATIONALE 

Routt pcmcmi rcUtjfs tux rocmbr« dc families dc brcvtu 



L *idc tntcnutjoatl* So 

PCT/FR 95/00902 



Document brevet die 
au rapport de recherche 



Date de 

publication 



Membre<s) de U 
famille dc breveqs) 



Date de 
publication 



WO-A-9118180 


28-11-91 


FR-A- 


2662207 


CC 11 j 1 






FR-A- 


2668241 


24-04-92 






FR-A- 


2671787 


24-07-92 






AU-B- 


7962691 


10-12-91 






EP-A- 


u jc r jJc 


JfJ 




— 


US-A- 


5337823 


ao wo j*+ 


EP-A-0553558 


04-08-93 


JP-A- 


5200869 


10-08-93 

iU WO JJ 


lie a a mo r in 

US-A-4979570 


25-12-90 


AU-B- 


625650 


16-07-92 






AU-B- 


6681890 


06-06-91 






CA-A- 


2029294 


29-05-91 

U3 91 






GB-A,B 


2239473 


03-07-91 


EP-A-0545703 


09-06-93 


JP-A- 


5278177 


26-10-93 






JP-A- 


6000878 


11-01-94 








C1C/Q1C 


n t\c 
^Z-Qo-93 






CA-A- 


C\J/Clf 0 


C3-1Z-9Z 










no ao ni 

UZ-08-94 


FR-A-2370225 


02-06-78 






)A M e%t 

30-07-81 










07-04-81 






IK-A- 


A1 07Q0H 


15-04-80 


DE-U-93 13379 


11-11-93 


np-ii- 




t A A^ Ai 

10-03-94 


US-A-3963654 


15-06-76 


Uj A 




24-12-74 








4124547 


07-11-78 






AR-A- 


201597 


31-03-75 






AT-B- 


332340 


27-09-76 






AU-B- 


7047074- 


08-01-76 






CA-A- 


1005755 


22-02-77 






DE-A- 


2428016 


23-01-75 






FR-A.B 


2241577 


21-03-75 






GB-A- 


1458096 


08-12-76 






JP-C- 


915086 


21-07-78 






JP-A- 


50034334 


02-04-75 






JP-B- 


52044572 


09-11-77 






NL-A- 


7408405 


30-12-74 



t rCT/!SA/3IO <m 



page 1 de 2 



RAPPORT DE RECHERCHE INTERNATIONALE 

Rcnscifncmaro nrtsafc *ux membres de finullei de brevets 



L andc tntcmaoonalc So 

PCT/FR 95/00902 



Document brevet cite 
in rapport dc recherche 



Dale de 

publicaiion 



Membre(i) dc !• 
famine de brevets) 



Date de 

pub Ecu ion 



EP-A-0528328 



24-02-93 



GB-A.B 
US-A- 



2258674 
5340626 



17-02-93 
23-08-94 



FMMato KT/ISA/ae lam cwito b Wmu) c»Um i»J) 



page 2 de 2 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE TERMS OF THE 
PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification*: (11 

A1 

E21B 33/127, 43/10, F16L 55/165 (43 


) International Publication No. WO 96/01937 
| Date of International Publication: 25 January 1996 (01.25.96) 


(21) International Application Number PCT/FR95/00902 

(22) International Filing Date: 6 JULY 1995 (07.06.95) 

(30) Priority Information: 

94/08691 7 JULY 1994 (07.07.94) FR 

(71) Applicant (for all designated countries except US): 
DRILLFLEX [FR/FRJ; ZAC des Monts-Gaultier, 29, rue 
Lavoisier. F-35230 Chatillon-sur-Seiche (FR). 

(72) Inventors; and 

(75) Inventors/Applicants (US only): SALTEL, Jean- 
Louis [FR/FR]; 12, avenue de la Motte, F-35650 Le 
Rheu (FR). SIGNORI, Frederic [FR/FR); 3, rue de 
mermitage. F-35650 Le Rheu (FR). 

(74) Attorney: LEFAOU. Daniel; Regimbeau Law Offices. 
Centre d'Affaires Patton. 11, rue Franz-Heller. P.O. 
Box 19107, F-35019 Rennes Cedex 7 (FR). 


(81) Designated Countries: AM, AT, AU, BB, BG. BR, BY, 

CA, CH, CN, CZ, DE, DK, EE, ES. Fl, GB, GE. HU. JP, 
KE. KG. KP, KR, KZ. LK, LR, LT, LU, LV, MD, MG, MN, 
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE. SI, SK, TJ, 
1 1 , ua, Uo, u^, vim, buropean paieni (A i , bt, ui, 
DE. DK, ES, FR, GB, GR, IE, IT, LU, MC f NL, PT, SE), 
OAPI [Organisation Africalne de la Propriete 
Intellectuelle: African Intellectual Property Organization] 
patent (BF. BJ, CF. CG, CI. CM, GA, GN, ML, MR, NE, 
SN, THE DATA. TG), ARIPO [African Regional 
Industrial Property Association] patent (KE. MW. SD. 
SZ, UG). 

Published: 

With international search report. 
Prior to the expiration of the time allowed for 
amendment of the claims, it will be published if such 
amendments am received. 


(54) Title: PREFORM, DEVICE AND METHOD FOR CASING A WELL 
(57) Abstract: 

[see source document for English] 



FOR INFORMATION ONLY 

Codes used to identify the States that are party to the PCT, on the cover pages of 
brochures publishing international applications in virtue of the PCT. 



[countries mentioned at 81 on the cover page] 



Mm — Mil II CI lid 


T 1 — Taiikictan 
i v idjiAioidii 


AT ~ A i letrio 
M 1 nUou Id 


TT = Trinidad and Tohann 


Al 1 ™ » A i tK*tr*n\in 

MU — AUSIlcNIS 


1 1 A — | I L- rQino 
UM — WMdll Iti 


dd — Daroaaos 


1 1 0 — | InrfoH Qfatoc nf America 
UO ~~ UNIlCU OlcalcS Oi Mmcllv>d 


do — Bulgaria 


117 — 1 Ivhokieton 

uz — uzDt?K.isian 


DD — DroTil 




BY - Belarus 




CA = Canada 


AT = Austria 


On - owitzenano 


be - Belgium 


CN - China 


OH - bwitzenand 


CZ = Czech Republic 


ut - laermany 


ut — oermany 


ur\ — uenmarK 


ut\ — uenmarK 


co — opain 


EE = Estonia 


FR = France 


ES = Spain 


GB = United Kingdom 


pi - Finland 


GR = Greece 


- united Kingdom 


it — Ireland 


GE = Georgia 


IT = Italy 


III 1 _ Uiinnmi 

HU - Hungary 


LU — Luxembourg 


jr - japan 


mv-> - Monaco 


KE = Kenya 


NL = The Netherlands 


KG = Kyrgyzstan 


r i — rortugai 


isr* — Nonn Korea 


ot — oweaen 


k.k - ooum i\orea 




t\z — r\azaKnsian 


Br - BurKina raso 


LK - Sri Lanka 


BJ = Benin 


Lrv — LiDena 


CF = Central African Republic 


L 1 — LlinUania 


uo - oongo 


LU = Luxemboura 


CI = Ivorv CoaQt 


LV = Latvia 


CM = Cameroon 


MD = Moldova 


GA = Gabon 


MG = Madagascar 


GN = Guinea 


MN = Mongolia 


ML = Mali 


MW = Malawi 


MR = Mauritania 


MX = Mexico 


NE = Niger 


NO = Norway 


SN = Senegal 


NZ = New Zealand 


TD = Chad 


PL = Poland 


TG = Togo 


PT = Portugal 




RO = Romania 


KE = Kenya 


RU = Russian Federation 


MW = Malawi 


SD = Sudan 


SD = Sudan 


SE = Sweden 


SZ = Swaziland 


SI = Slovenia 


UG = Uganda 


SK = Slovak Republic 





WO 96/01937 



1 



PCT/FR95/00902 



PREFORM, DEVICE AND METHOD FOR CASING A WELL 

The present invention concerns a flexible preform that is radially foldable and curable in 
situ , after it has been placed in a well, particularly an oil well, or in a conduit, in order to constitute 
a cylindrical casing therein. 

The invention also concerns the method for positioning, anchoring this preform in the well 
or conduit, and creating a seal between the preform and the well or conduit. 

Already known are preforms the wall of which is a flexible material that can be folded on 
itself in order to have an overall radial dimension that is significantly smaller than the diameter of 
the well or conduit to be cased, or to be lined in the case of a localized repair. The preform in its 
folded state is inserted in the well or conduit. Once it has been positioned at the desired location, 
it is radially deformed outward by introducing an inflation fluid into the preform. Under the effect of 
the internal pressure, it takes a cylindrical form, that is, a circular cross section. The anchoring of 
the expanded preform to the interior of the well or conduit is done by means of a cement that is 
poured into the annular space separating the outer wall of the cylindrical preform from the wall of 
the well or conduit. The curing of the preform wall by polymerization can be accomplished either 
by introducing a hot liquid inside the preform, or by the Joule effect by means of appropriate 
electrical resistances arranged in the preform, for example electric wires comprising part of the 
wall structure of the preform, impregnated with heat-setting resin. 

International patent application WO 94/21887 concerns cementing a casing of this type. 

The cementing of a preform of this type poses several problems. 

First, it requires a relatively sophisticated and expensive cementing facility. 

Moreover, the quality of the cement must be perfect in order to be able to insert it 
correctly and homogeneously into the annular interstices, the thickness of which can be very 
small, separating the wall of the preform from the wall of the well or conduit. 
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Finally, the cementing is not always very reliable because it is poorly controlled over long 

lengths. 

The objective of the present invention is to propose a preform of the type described 
above that can be positioned and anchored inside the well or conduit without the need to use 
cement. 

This objective is achieved, according to the invention, due to the fact that the preform has, 
along its wall, annular curable zones that are radially and outwardly deformable so that they apply 
against the wall of the well or conduit, and which form, after curing, anchoring and sealing locks 
for the casing. 

Moreover, according to a number of additional, non-limiting characteristics of the 
invention: 

- the preform has a reservoir of heat-curable resin on its inner side that can migrate 
radially outward through the wall under the effect of an internal pressure; 

- it has an elastically deformable outer skin, certain sleeve-shaped sections of which 
have a capacity for the radial deformation that is significantly greater than that of the rest of the 
skin, these sections accomplishing said locks; 

- the easily deformable sections are made of non-reinforced elastomer while the rest of 
the skin is made of reinforced elastomer, 

- said reservoir consists of annular pockets situated opposite said sections of easily 
deformable outer skin; 

- said reservoir extends the full length of the preform, including opposite the areas of 
outer skin that are not easily deformable; 

- the wall of the preform is composed of a heat-curable resin core and two skins made of 
elastomer material, one inside and one outside, said reservoir containing the resin being 
delimited by the core and by the inner skin; 

- the preform is provided with annular seal rings encircling the curable areas intended to 
constitute the locks. 

The method according to the invention, intended for the positioning, anchoring, and 
sealing of a preform as described above inside a well or conduit, is comprised of the following 
steps: 

a) the preform in its folded state is inserted in a well or cylindrical conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform to change it to a strictly cylindrical 

state; 
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c) said annular zones are deformed outward to apply them against the wall of the well or 

conduit; 

d) the preform and the annular zones are cured. 

In an advantageous way, in step c) the resin contained in the annular pockets is heated 
5 in order to liquefy it and cause it to migrate outward under the effect of the internal pressure, and 
in step d), this resin and the resin of the wall of the preform are maintained at the polymerization 
temperature for enough time to obtain the curing of the whole. 

Other characteristics and advantages of the invention will appear from the description 
and the appended drawings, which represent, by way of non-limiting examples, preferential 
1 0 embodiments. 

In these drawings: 

- Figure 1 is a diagrammatic cross sectional view of a preform according to the invention, 
after insertion and radial deployment, but before anchoring, inside an oil well; 

- Figures 2 and 3 are transverse cross sections of the preform in its initial folded state, 
1 5 according to two different methods of folding; 

- Figure 4 is a view similar to Figures 2 and 3, which represents the radially deployed 
preform to take a cylindrical form; 

- Figure 5 is a partial view, in axial cross section, of the wall of the preform at one curable 
annular zone intended to constitute an anchoring lock, prior to being radially deformed outward; 

20 - Figure 6 is a view similar to Figure 5, representing the preform after deformation and 

curing of the lock; 

- Figure 7 is a diagrammatic view of a section of deployed preform, which is equipped 
with several seal rings at the curable annular zone intended to constitute an anchoring lock; 

- Figure 8 is a longitudinal cross section at the ring, after the preform is anchored and 
25 cured in a well. 

- Figures 9 and 10 are views similar to Figures 5 and 6, respectively, representing a 
variant of the preform. 

Figure 1 represents a preform 1 according to the invention, which is placed inside an oil 
well 2, the cylindrical wall of which is referenced as 20. 
30 The preform is of a known type, made of thermosetting, heat-curable material, which, 

prior to being placed inside the well, is folded longitudinally so as to have a reduced radial 
dimension. 
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The folding can be done in "IT shape as shown diagrammatically in Figure 2, or "snail" 
shape as represented in Figure 3. 

After being positioned inside the well 2 along the desired length, the preform is deployed 
so that it takes on a cylindrical form, as illustrated in Figures 1 and 4. 

This radial expansion is accomplished by introducing a fluid under pressure into the 
preterm's internal space 100. To do this, a conduit 4 is provided that sealably penetrates the 
preform at its upper end 1a and carries the fluid from the surface S of the well. The fluid used can 
simply be the liquid mud extracted from the well. 

The lower end 1b of the preform is naturally plugged by an appropriate dosing means. 

In its deployed state, the wall 10 of the preform has an strictly cylindrical shape, of 
specific diameter. The diameter of its outer surface is selected so as to be slightly less than the 
diameter of the well's wail. 

By way of non-limiting example, the outside diameter of the preform will be 178 
millimeters, while the diameter of the wall 20 will be 184 millimeters. 

There is therefore an annular space j the radial value of which, for example, is 3 
millimeters. 

This free annular space along the full height of the preform allows the mud to be 
evacuated during inflation. 

According to one essential characteristic of the invention, the preform 1 is provided with 
several annular curable zones distributed along its wall, which are radially and outwardly 
deformable so that they apply against the wall 20 of the well, and which after curing, form 
anchoring and sealing locks for the casing. These locks are represented by broken lines and by 
references 3 in Figure 1. 

The different locks 3 are spaced at predetermined distances L 1f L 2 that are not 
necessarily equal. 

By way of example, the preform has a length that can reach 3.000 meters. 
The spacing of the locks 3 can be between 5 and 50 meters, for example. 
The height of the locks will be on the order of 0.5 to 3 meters. 

In the embodiment represented in Figures 5 and 6, the wall 10 of the preform is 
composed of a heat-setting core 5 sandwiched between an inner skin 6 and an outer skin 7. 
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The core 5 is a heat-curable resin, inside which is embedded a reinforcing structure 
composed of fibers 50, such as glass or carbon fibers, some of which are circumferential and 
others longitudinal. 

The inner skin 6 is an unreinforced elastomer material (synthetic rubber). The outer skin 
7 is an elastomer material reinforced by a slightly expandable fabric. 

The annular zone Intended to constitute the lock forms a reservoir (pocket) delimited by 
the core 5 as well as by a bulge 6\ toward the interior 100 of the preform, in the inner skin 6. This 
reservoir contains a heat-curable resin 60. 

Opposite the bulge 6\ the outer skin 7 is interrupted to be replaced by a sleeve tube 8. 
This sleeve tube is appropriately connected and attached, for example by gluing, to the skin 7. 
The sleeve tube 8 is made of an unreinforced elastomer material. It is therefore radially 
expandable, unlike the rest of the outer skin 7. 

By way of example, the thickness of each of the skins 6, 7 is on the order of 2 millimeters, 
while the core 5 has a thickness of between 5 and 15 millimeters. 

The resin 60 is selected to have a high viscosity at ambient temperature, and a low 
viscosity at high temperature, for example above about 80°C. It then becomes liquid and can 
migrate outward through the core 5 and its reinforcing structure 50. 

The anchoring of the preform in the well is done as explained in the following. 

First, the preform is radially deployed by introducing the liquid L into it, as already 
mentioned above. The preform will then progressively take on a cylindrical shape, while the mud 
present inside the well is forced out of the annular space that remains free, and rises to the 
surface. The rest of this same mud can be used as the inflation liquid L, by means of a suitable 
pumping system. 

The pressure of the liquid L is selected so that there is a relatively high pressure 
differential, for example on the order of 10 bars, between the liquids inside and outside the 
preform. The preform is held in its proper position inside the pipe by an appropriate device 
installed at the surface, and not represented. 

Next, the wall of the preform is heated either by replacing the liquid L with a hot liquid, or 
by the Joule effect using appropriate electrical resistances mounted in the preform. This heat will 
liquefy the resin 60 contained in the pockets 6', as well as the resin of the core 5. 
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Under the effect of the pressure p of the internal fluid, the liquid resin then migrates 
outward from the interior, while forcing the resin comprising the core 5 through to form annular 
bulges 61 which will be applied - by means of sections of easily deformable skin 8 - against the 
wall 20, with a relatively strong pressure. Of course, the capacity of the reservoirs, and 
correctively, the volume of the resin 60, are chosen so as to be sufficient to correctly fill the 
annular space j, and to sufficiently deform the locks 3 in an outward direction against the wall 20. 
The sections 8, after radial expansion, are referenced 8* in the drawings. 

The necessary calories continue to be applied to the preform and to the lock for enough 
time - usually a few hours - to obtain a curing of the wall assembly, including the locks. 

Thus, a rigid casing is obtained with cylindrical interior wall, and the outer wall of which is 
formed of annular rolls that comprise anchoring and sealing zones of the casing in the well 2. 

The final operations consist of removing the liquid from inside the preform, withdrawing 
the conduit 4, and eliminating the upper and lower ends 1a and 1b, respectively, from the preform. 

The part 1a can be removed simply by transverse sawing. The lower part 1b can be 
removed by axial boring inside the casing. 

It should be noted that the location of the locks 3 is perfectly controlled due to the 
presence of the sleeve tubes 8. which have a greater ability to extend radially than the rest of the 
outer skin 7. 

The outward deformation of the inner skin 6, at the end of the outward migration of the 
resin, is limited because the skin 7 will come up against the filament structure 50 of the core 5. 
This ensures that the interior wall of the casing will have a strictly cylindrical shape along its full 
height. 

The annular locks will be positioned where desired, depending on the physical 
characteristics of the well to be cased, along the preform, particularly as a function of the location 
of certain aquifer zones. 

In order to improve the seal between the preform and the wall of the well, seal rings can 
be provided at the locks 3. 

This possibility is illustrated in Figures 7 and 8. The expandable sleeve tubes 8 are fitted 
with one or more seal rings 9, for example three in number. These are flexible rings, for example, 
capable of being deployed radially at the same time as the preform, to take on a toroidal shape. 
After radial expansion and curing of the locks, the rings are lodged in an annular groove of the 
outer skin 8\ 
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providing a perfect seal at this point. This sealing technique is the object of this applicant's patent 
application No. 94 03629 filed on March 23, 1994. It is applied here to the anchoring areas of the 
preform. 

It should be noted that the resin 60 can remain enclosed for a long time inside the 
5 pockets 6\ with no risk of degradation. 

The preforms can therefore be stored without damage, put in place whenever desired, 
then also anchored whenever desired. Furthermore, the preform and locks do not need to be 
cured until after the radial deployment of the preform. These operations can be performed 
successively at the proper time, depending on the availability of the personnel assigned to these 
10 tasks. 

In the preform variant illustrated in Figures 9 and 10, in which the same references as in 
Figures 5 and 6 were used to designate identical or similar elements, the reserve of heat-curable 
resin 600 is not confined in the pockets. On the contrary, it occupies an annular space between 
the core 5 and the inner skin 6, which extends the full length of the preform 7, including opposite 

15 the outer reinforced skin areas that are not easily deformable (see Figure 9). During the 
application of the internal pressure p, the liquid resin migrates to the inside of the core 5. Toward 
the exterior, however, it will only push out into the easily deformable sections 8, forming 
anchoring rolls 8' there. 

This preform variant has a lower production cost than a preform with pockets. 

20 By way of example, the outer skin 7 has a thickness on the order of 2*to 3 mm, the core 5 

has a thickness of between 5 and 15 mm, the resin 600 has a thickness on the order of 0.4 mm 
and the inner skin 6 has a thickness on the order of 2 mm. 

Although in the method of implementing the invention that has just been described with 
reference to the drawings, the casing was for a vertical well, and more specifically an oil well 

25 bore-hole, the present invention also applies to the casing of underground wells that are not 
necessarily vertical, and to the casing of conduits, for example pipelines or gas pipelines, for the 
purpose of repairing them in situ by installing an internal lining. 
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CLAIMS 

1. Flexible preform that is radially foldabie and curable in situ , after it has been placed in 
a well or in a conduit, in order to constitute a cylindrical casing therein, characterized by the fact 
that the preform has, along its wall, annular curable zones (3) that are radially and outwardly 
deformable so that they apply against the wall (20) of the well (2) or conduit, and which form, after 
curing, anchoring and sealing locks for the casing. 

2. Preform according to claim 1, characterized by the fact that it has a reservoir of heat- 
curable resin (60, 600) on its inner side that can migrate radially outward through the wall (10) 
under the effect of an internal pressure (p). 

3. Preform according to either of claims 1 or 2, characterized by the fact that it has an 
elastically deformable outer skin (7), certain sleeve-shaped sections (8, 8') of which have a 
capacity for the radial deformation that is significantly greater than that of the rest of the skin (7), 
these sections accomplishing said locks (3). 

4. Preform according to claim 3, characterized by the fact that the easily-deformable 
sections (8, 8') are made of non-reinforced elastomer while the rest of the skin (7) is made of 
reinforced elastomer. 

5. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact that said reservoir consists of annular pockets situated 
opposite said sections (8) of easily-deformable outer skin. 

6. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact said reservoir (600) extends the full length of the 
preform, including opposite the areas of outer skin that are not easily deformable. 

7. Preform according to either of claims 5 or 6, characterized by the fact that the wall of 
the preform is composed of a heat-curable resin core (5) and two skins made of elastomer 
material, one inside (6) and one outside (7), said reservoir containing the resin (60, 600) being 
delimited by the core (5) and by the inner skin (6). 

8. Preform according to claim 7, characterized by the fact that the core (5) has a filament- 
type reinforcing structure (50) embedded in the resin. 
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9. Preform according to any of claims 1 to 8, characterized by the fact that it is provided 
with annular seal rings (9) encircling the curable zones (3) intended to constitute the locks. 

10. Method for the positioning, anchoring, and sealing of a preform as described above 
5 inside a well or cylindrical conduit, according to which: 

a) the preform (1) in its folded state is inserted in a well (2) or conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform (1) to change it to a strictly 
cylindrical state; 

10 c) said annular zones (3) are deformed outward to apply them against the wall (20) of the 

well (2) or conduit; 

d) the preform (1 ) and the annular zones (3) are cured. 

11. Method according to claim 10, applied to a preform according to either of claims 5 or 
6, characterized by the fact that in step c) the resin (60) contained in the annular pockets is 

15 heated in order to liquefy it and cause it to migrate outward under the effect of the internal 
pressure (p), and that in step d), this resin and the resin of the wall of the preform are maintained 
at the polymerization temperature for enough time to obtain the curing of the whole. 



[see original for figures] 
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